SUMMARY
produced by renal ablation and lessens the structural abnormalities in remnant glomeruli, suggesting that intrarenal hypertension might be responsible for progressive glomerular injury. It is well known that renal diseases advance more rapidly when they are superimposed on essential hypertension and that systemic hypertension aggravates underlying renal diseases in chronic renal failure.7) Changes in intrarenal hemodynamics in the glomeruli may suggest participation in the evolution of renal failure.7) Although both protein loading and hypertension may alter the intra-glomerular hemodynamics, interactions between these factors have not been previously evaluated.
In recent years, many investigators have discussed the interrelations between renal circulation and vasoactive substances, such as prostaglandins and kallikrein.8)-10) These discussions were prompted by the observations that renal prostaglandin and kallikrein synthesis are changed in human and experimental animals with different degrees of renal insufficiency. We have investigated the effects of dietary protein on the synthesis of the vasoactive substances in spontaneously hypertensive rats with subtotal renal ablation. These data assist with the elucidation of the role of renal vasoactive substances in hypertensive animals with chronic renal failure.
METHODS
Preparation of the model: Spontaneously hypertensive rats of the Okamoto-Aoki strain (SHR), weighing 180 to 200g, were used. The animals underwent 5/6 nephrectomy. Under ether anesthesia the upper and lower poles of the left kidney were resected. The contralateral nephrectomy was performed 1 week later. The sham-operated control animals were closed after exposure of the kidneys. Two weeks after subtotal nephrectomy, blood was obtained through a polyethylene tube (PE-10, Intramedic, Japan) in the femoral vein to measure the serum creatinine.
Experimental protocol: All rats received a standard diet (STD: 24%-protein/0.39%-sodium) during 2 weeks following surgery, thereafter the nephrectomized rats were randomly allocated to the following 3 groups: (1) SHR-STD group (n=8) 
RESULTS
Basic data from these experiments are summarized in Table I . There were no significant differences in body weight as a function of diet (Table I) . Urine volume was significantly increased by the administration of the high protein diet and was significantly decreased by low protein diet, compared to rats on the standard diet. Hematocrit values were significantly lower in the nephrectomized groups than in the sham-operated group. The HP group revealed a depressed hematocrit value, but the hematocrit was significantly higher in the LP group than in corresponding STD group. Serum total protein, plasma renin activity (PRA) and serum electrolytes did not differ significantly as a function of dietary protein. Finally, dietary protein did not affect the behavior of systolic pressure in nephrectomized rats (Fig.  1) . Serum creatinine was measured after 2 weeks following surgery as a control for a common level of renal insufficiency prior to dietary manipulations. No significant differences were noted between the nephrectomized groups (Fig.2) . After dietary manipulation, the serum creatinine level rose gradually in the HP group. By contrast, the values in the LP group were significantly depressed in reference to the STD group.
Urinary protein excretion in each group is shown in Fig.3 The values of urinary kallikrein excretion were depressed to about one third of the pre-operative value in the STD group after surgery (Fig.6) . After dietary manipulation, the kallikrein excretion in the HP group increased markedly and continued to increase throughout the experimental period. In the LP group, urinary kallikrein excretions were also moderately increased to the level of the STD group.
DISCUSSION
The present study has demonstrated that a high protein intake produced a deterioration of renal function without a significant rise in blood pressure after subtotal nephrectomy in SHR. Furthermore, limited protein intake ameliorated the renal damage in hypertensive subjects with renal failure, with serum creatinine falling to nearly normal levels. Both protein loading and high blood pressure are known to exacerbate chronic renal failure.1),2),7) Although protein restriction prevented the aggravation of renal function in the present study, it did not affect the blood pressure elevation. These data imply that dietary protein restriction can reduce the glomerular capillary pressure to a level that prevents damage from the elevated systemic blood pressure. This assumption concerning the effect of dietary protein on renal hemodynamics was in part supported by the recent findings that low protein diet diminished the glomerular capillary pressure and ameliorated the glomerular injury in hypertensive rats undergoing unilateral nephrectomy.18), 19) It is not yet clear that the "hyperfiltration theory" provides a general description of the progress of renal disease. Purkerson et al25) suggested that hyperfiltration per se was not directly responsible for the development of glomerular injury because a thromboxane synthetase inhibitor, OKY-1581, prevented the development of glomerulosclerosis despite an increased glomerular filtration rate. They proposed that platelet aggregation plays a major role in the progression of renal injury. One resolution is a synthesis of aspects of these two theories concerning the progression of renal failure. In a model of subtotal nephrectomy, both hyperperfusion (caused by PGI2 and kallikrein) and platelet aggregation (induced by thromboxane) may exacerbate renal damage in animals given a high protein diet. However, since PGI2 is also a potent inhibitor of platelet aggregation, it may counteract the effects of thromboxane. 
